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Jack 1.c.vil)c,  NASA 1 lca(lqm  [CIS

Saltlucl  t’.  l<usso,  1 ]af,ltcs Ailclafl [’wnpany

ltl ad(litiol)  to ils Wicll[ific  ald  Iifc scimms  cxpclimc])(al
pro~,t am, NASA conducts flifllt  expel ill)cn(s  diwck(l  at
(Icvc1OI)II)CUII of spm syslc.]ns  lcclamlo~, ic.s. ‘1’IIc
Cx])cl  imcl)ls  alc Conduclc(l  k) oblaia  lL’sc.alch  data,  to
cvalaalc  Il]c pa fml)ancc ()] opcra(ion of c.x]wl-ilnct]lal
ltatdwa!c in Il)c space cnvimnmmd,  m to vali(iatc.
com]mncn[s,  sul)syslcms, 0]- systems ])lior  10 application
ill l’ulutc S})accclafl  m missim]s.

“1’IIc Ic(]uirclncn(s  fm slw.ciflc (cchr)olo~y Cxpcrirmvlls,  find
ti)c i)lio]  ity assi~,l)c(i  10 tlmn, vary si~,aiflcarllly  (ic])c]](iil)r,

otl tl)c Inatal  i(y of tile tc.cilnolop,y.  S[)lIIC of lIIC fli$lll
cx[)c]ill)cl)ls  a(i(ilcss  tccl)nolo~,ics  slili  i]) tile caiiy lcscaTci  I
s[a:,c,  wllilc  o[llcts  am con(iuclc(l  10 vali(iatc  kchnology  fit
]clativcly  a(ival)cc(i  levels of ]na(ar ity. ‘1’i)is  ])apc~
(iiscusscs  tile m’c.lall  tccl)nolof,y fli:l]t c.xpcl-imcnts
pJofyatIt an(i  Icpmls  in mm dc.lail  (m fear callcnt m
Iccctllly  fiow) expel itmmls  Ial)ginfj  from Icscalch  to
tccl Imlo~,y  vali(ia(ion  al tltc Syslcll) prololypc level.

}Iccaasc  of IIIC cost of access 10 space. an(i liIc  cost of
ln(xiclll  sixwcctaf(  find missions, (Icsip,l)cl-s  an(i project
]nanap,ms  cannel affm(i  ll)c risk of usinp,  Cmn])oncllts  01”
subsystems incorimatinp,  ut)lcstcci  m uavali(ialc(i
lccltrmlo:ics.  Goan(i  lcstin~  and si]nulatio]l  capability
cat) often SCI vc a(icqaatcly  i]) vali(latint,  a nc.w tcchr)olo~,y.
1 imvcvcr,  [iw]c alc s(ili  n)al)y  if)s[aaccs in wlticll  tlw
cflccls  of Iniclop,favily,  Iadia(ion, 01 otl)cl space
ctlk’irot)])]c]ll:il  faclors silnp]y  cannot  bc tcslc(i  m Ino(lclc(i
w) Ilm fyoutd.  lwspacc CXI)CI imcntalicm may t)c csscnlial
to ]lsolvin~  kcy qacs(im)s  of Iltl(icista]](iil)g,  01 (icvclo])in~,
a ]cliablc  (lcsiSl)  data base., 0] vali(iatil):,  Ilm Pctrfwmar)cc.
of a compm)clll  w systcm ill the aclaal opcmtional
ettvil(mmct)t.

lmfiifjl[ cxi)cl ilncnta(i(m has been used it~ amonaulics
]cscalc’i)  an(i  (icvclqxncnt  fm many ycals. IMl) Inilitaly
atd col))tnm’ial ailcttift  l)avc kc]) modific(i fol use as
Icsca!L’i  I aiwlafl  or lccimolop,y dclmnstlatm.  “]’IIc Ail
l:ol~’c./(:als]):Ll]  “1’-33 an(i (:-l31 in- fii~,ilt  simulatms  in tl)c
Llnilc(i States, tile 1)1 .1< V1;W  614 al](i 110105 airLmf(  an(i
I)clicoptcr iwfli@)t simulators in Gcmuany,  ald similai
vchiclcs in o(lwt  Countiics have pmvcn  valaab]c ill
cvalaatillp,  a(ivancc(i cot)llol  ad otim  conccj)ts  p iol 10
a})~)lica(im)  in ncw aircraft cicvcloprncats.  Ort scvctat
occasions lhcsc Cxpcrilm)tal  ailclaf(  have also been usc(i

10 ilivcs[if,atc  a(ivancc(i  conllol  systcins  bcin~, (icsip,ac(i  fot
space systcl])s  SUCII as Iilc S1)acc Silatllc a[](l }lculilcs.

Ovct ti)c ycals,  tllc actoaautical  community lm rcflnc(l  tim
ploccss of I)lo~lcssil]F,  flola  COI)CC])IW1] Stmiy  Ii)l’ollgll
cwapatati(mal  analysis, F,toutd Icstin:,, and simlali(m  --
10 fii:,l]t lcs(ill~,  wlIcn jastiflc(i  :is a ncccssary cxtcllsi(m  to
t i m e  callic] slcps. llccausc  fli~lll cx])c.t ilnclltation  loay t)c
qailc  costly, tile Ilcccssity  ]nust I)c cical.

lnsl)acc expel  imcl)tatim)  is :i ~c.lativcly lIcw capability.
IIul cxpcricncc  in opmtional  space. fti~llt an(i space
cllvilonlucnt  cilal:tctcliz.:iliol)  is stiii  limitc(i, arl(i
opc]ational  space syslcm  cicploymcn[ is very cxpcnsivc.
l;ot time Nasons.  and wit}] inclcasillp,  availal)iiity  of
suitable (cst vcliic]cs,  itt-s[]acc  cxl>cliltlcrltatiol)  is allcady
a latf,c ad gvowilk:,  aclivity  wl)ic}) is l)ccomin~, a valaal)lc.
1001 in space systc]))s  (icsig,n  :iI)(i  (icvclopl)mnt. 1 IOUJCVC[,
bccausc it is p,cnc] ally cvcll mmc cxpcnsivc than
al[nospl)et  ic flifl)l  Icsliar,,  tllc pmccss of Wlcclillp,
cxpcrilncnts  must k even lno]c ri~,orous.

h4a11y of NASA’s nlanac(i space fiifllt, cxplmatioa,  aIKi
scicnlif]c  ]nissims I)avc Ilmlnsclvcs  t)ccn expel immltal ill

nalm, An(i  cm)si{imblc tcc])nology vali(lati(m  has lmc.n
accotl]i)lisllc(i  (ILI1 ins, solnc of tile ])] imal  y mission
i)]o~[ar)ls,  citltc[  of mccssity  or bccausc il was (iccmc(i
]norc economical than Cxl)crill)c.]ltat  ion i)t”iot to i)lo~,talIl
illitialiml. “1’l)is papc] discusses Only cxpcJ ilncr)(atiorl  on
tcclllmlo~,y  -- tcchlmlop,y  (ice.lnc(i ilnpol  ttil)t fol” fllt UIC
s])acc systems t)ut not yet l)CCI)  spccific(i  for incorpwa(i(m
in a particular systc.m (icvclo]))ncnl.

‘1’I)c NASA tcci)tmlogy  space fiif~,l)t  CX])CI ilncrlts pogtam
is con(iuctc(i to d)tait) Icscalcil  ciata, cvalaatc (I)c
pm follnancc  01 opclatioa of cxlm itllctltai }Ial(iw’atc  in tile
sp2icc cr)vilol]lncnt,  w vali(iatc  concc.pts, cmnimncnts,
sal)systc]ns,  or systems p]iot to ap])lic:i(ioll  ill fulutc
spacccl aft 0] missions. “1’hc infot Ination is used to
vali(ialc ]nmicls,  verify Slmlt)(i  prc(iiclion,  aIKi -- ]nos(
im])m Lmtly -- rc(lacc  tlw ! isk of itlcori)otalinp, new
[ccllaolo:,y  ill futulc  syslcms.

In a(i(iition  to (icvclopin~,  tccllnolof,y  fo] its  owl
]nissicms,  N A S A  })as mlmnsit]ility  for facilitating:,  tl)c
tlaasfcl  of s])acc tccilnoio:y  10 Ii]c lniiitaly,  to otllcl  usu
a.gcncics, ard to in(iastty. ‘1’hc fiighl Cxpcl’ill]cilts  i)]ovidc
an effective mccllanistn  for  vaii(iati  l]:, ]I)atul itlp,

1



A ividc vaI ic[y of lau IIcl I vclliclcs  and pl:l(for Ins ]luty I)c
Lltili7cd for (Ilc irl-space Cxpcrirncllls,  with (I]c cl)oicc
dcpcrdill~,  (MI cxlxi  imcn( require’ll}crl(s ad cost
co]lsi(lcr:ili{)lls.  lixpcldat)lc  l:IunclI  vclliclcs  (}{1 .Vs)
larl~,i[lp,  flt)]]l  slnall  smlndin.  y Iockcts  10 ‘1’itall~ willl
pi~~,ylmck ulq)cl  s[a~,cs aic usd ivhcr~ appopr  ia(c. ‘1’l]c
SIIUIIIC oll)ilcr Iwi I)cci] a p:ll[icu]ally  f,lcal ;twcl,  wi[ll
cxpcrir)wr][s  cat Iicd ir~ IIm middcck (l;i~llrc  1), irl simple
“y,ctaw;iy  s])cci:ll”  (“(iAS”) c;il~s T1]OLIIIWI on IIIC side wall
of [lIC calf,() bay (I;ir,urc ?), or ir] aulormrl]mls  payload
lLIck;t:,cs \\rl)icll  provi(lc tl)cir owl) powcl,  lllCrlll:{l,  (1:{[2,
:111(1 [clcrllcli  y capabilities. lkpcr  imcn[s  which rcquilc
Ialpcl  iolul]lc ot uci~,lll,  O] may need access (0 SIIultlc
aviol]ics,  d:it:t w olllcr  set vices, may ulilizc  cal I icts c:illcd
IIi[cllllikcrs  I(wdlcd irl the Stlul[lc hiiy (l;i~,urc 3). ‘1’IIC
(’oll]l))l)ii] fli~,l)t  caIly it] h4aicl]  1994 catlicd IIIC laIf,CSI
r)(llnl)cr  of crl~,inccrit)~~, Icscwcl) and lccl)r)olo:,y
cx[)clil]mllls  -- clcvcl  I in all -- ever flm$’11 011 a Sinp,lc
t]lission.

l’i~ulc 1: Middcck  ()-(ir;iiity I)yn;trl,ic  l;~l,cril,]cllt (hlol)ll)
I,clforlllc<i  it] [hc Shulllc  h4id&ck

‘1’llc SI’A(I i} IAI1 car I icl,  providirl~~,  :iddi[ior][il r]]id(lcck
fwililics ill (Ilc Sl]ul[lc b:iy (I;i:,ulc 4), Ilas  1(’uclltly
lwcorllc opcra[iorlal  atd i(s (uo  flif~,llls  Imtc :Ilrca[iy
i]tcludcd  wvcral  si~!,l]if]c:ltll tcc}lrlolo~,y  cxpc[  ililcllts.  I; ICC
flyers placed irl slmc Ily cilllcr  1[1 .Vs O] Sllu[[lc (l;i~,ulc  5)
l~l[)vidc :illolll  Cl ()])li()ll.  AIId  [N’tlIJolo~,y CAIYI illlcllls  :IIC
now bcil~p, [~li(rl]lcd  10 tl[ili7c tlIc ur)i(](tc c:ipat)ili[ies  o f
IIltc]]]:itiollal  Spncc S[atiorl  A1})l  I:I (1’i~,ulc  6).

‘1’IIc need for fli~,l)l  cx})crirllcr]lillioll  is p,crlclally tMt\cd  011
]c(]uilc’lnc])[s  fot OIIC 01 rllolc of (lIc follotvin~  issues:

I ) llklc[)(lc(i  micloyl;{~ity  opclatiol]:  I)lol) IOW’CIS
:IIId suborbi[:i]  rockc[s car) bc used ior rnicro~lat’i[y
[cslirlp, or]]y or) [lIc ordcl  of sccorlds  [(I rnil](l[cs.
h4aIIy  cxpcli]llcnls,  Ilowctcr, ]cquirc  lIlucl I In(Mc
j)l[)lorl~cd  ]I]icloplaiily  con(iilior)s  -- fo] cxaillpic,  to
:icl]ici,c slcady-slate o[)crdt  ion irl cxl)crirllcr]t~  or]
fluids,  [() I)crlnil  S:illlplc  cl I:iII~,cs, w 10 tllairllai]l  Illc
lli~,l]-quiility  ]lliclo~[a!’ity  c[ivirollr[]c[l[  r[cccssdry  for
ct ysl:il ~,row’11)  cxpcr  irncril~.

?) l’kpoSlll  C to S])X’C CIl\’il orllilCllt; tl CffC’Ct\:  ‘i’tlC
colnplck  Spwc cllvirt)llrncrlt  is nol slifllcicrl[ly



}ipulc 3: l:kl)clilllcll(s  mounted  on Ililctlhikcr  catlim ill
Sl)ut[lc  t):ly

lI\IIIIC 4: SI’A(’I.IIAII COIIIplCIIICII[S middcck cxpcli]ilc[lt\
c:ipat~ility

ullcic! slo(Kl :IIK1 II)(xlclc(l  (0 all(m’  duplicaliml  01
Silllul:ili(m  olI llIc ~IouIxl,  l~flccls  o f  atmnic  oxyf,c]l
211(i oll IcI allnospl]clic  Colhtil[lcllls,  olbi Ml dcbr is,
cxll:lust pluln(’  w {)IIICI c(l]l[ill]litll~liotl,  arl(i Ia{iialioll
(HI cxlmsc(i  p: Iylo:id\ aId/01  t)):i[cl i:iis  afc NM
(wll)i)lclcly  kl)(nvn 01 III)({CI  S[()()(l. ‘1’tlc  Iiill(iolll  Il:ilLll(’

01 (iIcsc cflcc[s,  pdI liculat  iy liIc la(li:t(ioll  cffccls,
IIlukcs ~I(nlt I(i (iuplic:lli(ln  (ii fllcull  (N impossihlc.

3) lixp(lsu  Ic l[J liIc coInplcx opc]~i[i(n)al

cllvifo]~lncnl:  ‘1’IIc tl:i(utc aII(i complcki(y  of Illc
ct]vilonillctll  an(i opcl:~tions  in space  ncccssikites
M)]nc ims]mce  cvaiuatic)]l  of lccllnoio:y.  Ill
p:iliiculal,  o}~crdlions Icquilin:.  Cx[i  dvcilicular  aclivity,
tclcopctalc(i  m[x)tics,  01 ()[l]cl  rllal~-ill-tllc-i(~()[)
Jul]cli(ms  dlc Iml cffcclivc]y  sin)uiatcd  (m [ilc Y,IOIIII(I.

4) ol[)il:ti “\’ic\\fitl~,”  cllvil~)llrllcrlt:  i’aii(l;tliorl  01”
tccilnolo~ics  fo] oplicai  w oti]el  scll~irl~  t)l
c{)]]ll]l~]rlicalio]l  syslc  II)s (icl)cn(iirl~  011 calti]-vic\villy,
()[icnhl(i()l] lIlay  (ic]nan(l  space Cx])cl ilnclltatiol].  ID
ad(litionl  ai(l  I(mF,  iI :iii~’1  :if[ 01 ball(x) I Is II]ay i)c
a(lcq  Llatc 1’()! smnc lNIIlmscs  (icpcmii  [l: (JII liIc
spcc LI LIIII ~iII(i  tiIc  IIcc(i fw l:dialioll  ckimuIL’,  ]cli:hlc
(cstill~ of so[i]c scIi\irl~  (icviccs 01 sNl).sjslct II\ may
i)c p(Js\it]ic  oniy  atmvc tllc at IIlosiJi  IcI c.

‘1’tIc tcouitc]ncnls  atI(l pliot-ity fol (liffc Ic[)l Iypcs of
lccl IIlolofy chpclimcnts  \Jal)  sigtlific:inli!  (ic]x’II(i  IIIf (MI
tlIc III:I(NI  ily of  [I)c tccilllolo~y”  itl qucslior].  III OL]I
cxpc I illlcnt  ill;illnitl~,, \\Jc  Ilavc  ioul  Kl it ilCij  Jflll 10 Ll\c a
“1’cclIIIolo~y”  Rca(ii[lcss  1 .cvcl (“1’}< 1.) -- aIt Irtclcrtw]lldl  sc:ilc
irl(iica[ins  tl)c In:l(ut  ily of a par(iculiil  (ccilIlolopy”  01
syslcl I1. ‘I’l Ic ‘ l ’ l { i .  sciilc (I:i~urc 7) is II()( rnc:illl  (() bc ii

lliyll-j)l~(’isioi]  insllulncnt o r  an at)solu(e  di~c]ilrli]]alol.
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1 Iowvcl, it can illus(la(c  Ilm diffcrcnccs  anw])~,  val ions
candidate cxpc.t  imcllls  willl ]Cqwct  to ]quimncm ad tllc
value of an(icipalcd  lctums. ‘1 ‘k ‘1’1<1 , also Sc.rvcs as a
basis fo] cotlsidclalion  of IIm CvalUatioll, timin~,,
bcncflt/cos( awcssmcnt, and selection ofcadidatc
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l;I~,UIC7:  ‘i’ccl]rlol(,gy  I{c:t(lirlcss ll\cIs(l’1{l.  )

‘J’llc ]linc tccllrlolop,y  rcmliness  ]cvcls shown irl tlm ‘1’1<1.
scale l:ill~,c flcJtll tl]ctl]l(\c]starl(l itl~, oft)asicl>llysical
pliwiplcs  to ll)c dcplf)y]ncnt  of a “fliFl]t ptovcn” syslcrn.
“1’hc fli~,lll  cxpc] irnc.n[s  primarily address tccllnolop,y
vfilidalion  at kvcls 5-7, tmt may also saplnrl  Icscarch  at
level 1. l<c(]l]ilc(l  tcstirl?, alJ(Jvc 'l'l<l. -/is ~crlcrally
considctc.d  lnission-  01 systcm-spccif)c  and isconductcd  ill
dcvclo]mcr~t  ])log,r:illlsrali]cr  tll:itlastccllrlology
cxpcrilllc.r~ts. lk.am])lc.sof  c.x}>cl-irllcrlts  at”l’l<l,  1 , 5 6 ,
and 7 arcdcscribcd  lalcrirl tltc pap],

‘J’ccllrmlq,y  cxpcrilncnl  rcquircrncmls  al c dcfltlcd by IIIC
“user cmnlllunily”  -- tlm sl)ccialists  rtsponsiblc  fol-
dcvclopir]f,  Il)c mission and spaccctafl  rcquircmcmts  for
NASA’s  lnanr~cd and umwalncd  scicncc and cxl]lola[ion
lJr()~,r: trllsat)(lf  orir)(lL]slly  s]>aCcsys[cr)ls. lrltlmlmS])acc
‘J’cclll]o]og,y  I;xpct”ilncr][s J’Io~,IaI]) (l NS’1’1{1’), CXIICI  imcmls
:irc I)roposc(l  ir) response to a NASA antmur)cc.rucl}t  of
{)[)f)c)r t[]Itity, :+rt{lalc  c\’all]atc(i  t)yl)ccIrc\ficw’tc:]r)]s  \vl]icl]
include Illc  user cor]~ll]trrlity al~(lotllcrc  x}~cl(s.  A]igorous
sclcclioni)loccss applies sttic[  (iisciplinc  itl feasibility
study titd cosl arlalysis dur-irl~, tlw.early (Iow  cost) slar,cs.
l;acll  sclcctcd cxi~c]irncnt  is sul)jcctc(i to a final illtcnsivc
“]](~rl-:{cii’(kale” Icvicw  bc.fore crl[crirlp,  tl]c fii~l]l
(lci’clo])rllcrll]~llasc.  llccallsc  oftilc] i~,ort)tlss  clcctiorlar](i
Ic}’icit’(liscil>lirlc,  wc Imvc been abk torllairltairl  ari
cxllcillcly p,ood  record of cx}xrirncrl( success and cost :in(i
sc}tc(ialc  pcrfot Inancc.

‘I’oilitlstl-:itc  tllc J)lop,tarll  irltllis]):{I)er  wcl]avcclmscr~as
cxataplcs  four Cutlcrlt or-rcccntlyflourrl  cxpclilncrlts.
“J’lmy iacludc  onc c.rlp,iticcl  ing, rcsca[cll  cxlwrirtlcrlt
con(iuctc(i at avclycmly point itltllc tcchlmlor,y
rtlattrralit~rl~ilt)ccss  artd tllrccsyslc]tl  validation]
ckpcr illmts il~volvirlp, ICcllllolof,ics  at diflclctlt  levels of
rnaiu]i(y.  A]~lc)lc  col]~]~lc[c sllr]~rl~aly  ofcllr-lcl~t  and
Icccr]t  cxpm irmnts  is iriclwicd  in tllc Appendix.

- ‘1’IIC ILxi)cl  ilncntal lllvcsti~aliori  of Spacccrzif(  Glow
(IHSG) is a rcscarcll  cxpcr-imcl)t  (icvclopc(i  by
1,ockiw.cd hflissiics  ami Space ~~oli~l):iny  (o dc(cllllirlc
tl]c illtc.mityam icauscsofsp  accclaft  ~,lm’at  va[ious
at(itudcs[imi  altitudes. }kpcrilncltt  Jcsalts  wiil bc
llsccltt) (icvclo]~c oatir]~,sa  l](iotllcl  rllcarlstorcciucc
tim effect of surfacdplasrna Flows or) oj)tical
iIiStIUll)L’rl(S il) ]OY\’ (?al(l) OIbi(.

- ‘1’i)c ‘1’ank l’rmsurc  ~kmtlol  lkpcrimcat  (’1’l’(~il)  is a
IIocirlp, Acmsi)acc  (km]i]any  cxpcrimcr]t,  first ftow]l
in 1991,  to test tile cffcc[ of jcl rnixir[r, of clyog,cltic
fiuids 10 llcli~ control pressure in clyogmic  tanks.
Rcsulls wii]  bc USC(1  to desi~l] ligi~tc]-wci~i]t
clyc)f,c]lic tarlksfolf~]ttlr-c  space.fii~~]ts.

- “1’IK  llcal l’ipc l’crformaucc  (11}’1’) cxpcr irnc.rlt,
dcsignc(i  byllugl]cs  Ailc-lafl  (~c)r~~i):illy, ~$’asfloi$’[1  in
1993 to lcsl tllc mictwgravity  pc]forlnancc  of various
Iyim of lm.at i~i[)cs 10 bc used on si)innins  spaccclafl.

“1’hc (kyo Syslcm  llxi)crilnc.rlt  (~Sl;), a l s o
(icvc.]opcci l~yllllgl~cs  Aircr-aft C~(~r~]l)at]y,  isa systcln-
lcvcl cxpcr imcnt  (icsip,nc(i  to vali(latc  the oimatiorl
and psrformancc of a {15 K ctyop,cnic  cooler and
oxyf,c.n  licat  pipe in the space Lmvitorlrnc.r]t.

‘1’l]csc foul” industry- iM oposc(i  and fabricated cxIwinlcrlts
i):ivc ali fimwl succcssfuiiy  Witi] tlm cxccption of tllc Wlt
cxi)crirtlctlt,  which is~wcscritly]  nanifcstcd  for- fii~ilt ir~
caliy 1995. "l'llcy  arc(lisctlssc(i  \\'itil  lcfclcrlcct otilcl Cvc.l
of tccllrm]op,y  r]laturity  arid  tl]c spccif]c  cir ivinf,
rc(iuilcmcrltsfm space fli@lt cxi~clitl]cr]tat  iorlirlc:icll
instarlcc.  ltladdition,  the rlatl]rc  firl(ll)crlcfits oftllc]cstll(s
alc (icscribc(i. Results alc ciiscusscd  irl tllc conlcxt of tilcir
impact cm tccl)nolop,y  dcvclopncnt and strhscqtlcnt  poducl
cicvcloptacmt.  ‘1’i)c (’SI; is(ictailcd  as acasc. stu(iy  [0
dcsctibc tile role of irl-flif,llt  tcstirlf,  irl tlm dcvcloil]ncnt  of
a tccltrmlocy  folanactu:il  i>rwiuct  ticvckquiicr]l.

jlxpcl  imcntal  lnvc.slip,a[  i(m of Spacccldf[  G1OV.J  (iii SG)1,7

‘i’ilcl  txi)crir]]crltal  Irlvcsti~,atiorl  of Spacecraft  Glow
(lIISG), a’1’R141  tccllllolo~,y rcscarcll cx~nlitllc]lt,  ilas
fro\*’tlo rlSl]tlttlcfiifllt S’1’S-6? irl Marci],  1994,  toslu(iy
an(icllaractcrim  spacecraft F,low (I;igurc  8).
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l:i~,ulc  8: 1;1S(;  Cx[)crillm(  nloun[d  on IIilcllliikcr  (also
sl]own  in l~i~,arc 3)

Spaccmafl  ~,low is a well-known bul Iilllc undmstood
pl~cno]mmon  cncounlcrcd ill many sprccclafl  including, tllc
Space Shuttle (l~i~,ul-c 9) and low-cm  [11-mbil  (1 ,10)
iln:if, ing free-flyin~, sp:icc.crafl.  ‘1’IIc ~,lmv could
Imlcnli:iily dc~,wlc  the pcufmnancc  of optical instl  umcn[s
opclalill~,  in low calth orbit,  especially in tllc fw
ultraviold  (l WV) rc.~,imr, by optically conlatnit]atil]f,  tllc
ima~,cly.  II IMs  not been known  wllctllcl tlm plmnonlcno]l
was plilnaliiy  a sol face (i.e. matct ials)  issac m a
spamcr:ift  cllvilL)lllllc.]] tal/allllos})llcric  inlcracliol]  issue.
Wilh [l)c fundamental J31]ysics not well understood, it was
not possible to develop cffcctivc c{)l]lllclillcasl]lcs.
l’mvious  flight expel-inlcnts lla(i attcnlptcd  to acllicvc  f,low
cl~al:tctclizalioll,  but only ovm a Vcl-y Ilar]ow  spccll  um
and at a f]xcd allitudc. ‘1’hc IHSG expel-ilncnt mvc.rcd a
Ialp,c  spcctl um, fwn l;UV thmugl) 5.6 ]niclon  illflalcd,  at
oibita] :illitudcs ftmll 105 nmi to 160 rllni, and val yitlg
Spacccl dfl atlitadc.

l;i?,ulc  !): Obilc]  Glow viewed floln aft flight deck

‘1’llc Cxpcritncnl consisted of a lal~c (1.0 x 1,0 meter)
tl]crill:illy-isol:ltccl  salnplc  pl:ite, IIzilf of wl]icl]  \vas coated

with a b]ack paint typically used in instrun~cnt bafllcs
(Z,3(}6 ~llcl[~f,laz.c)  and IIalf \villl  a w]litc,  il~sulatill~,  paild
comlnonly USC(I in spaccclaf(  applications (A?”/6
(lum~,ia?c).  ‘1’llc area above tllc sarnp]c was viewed by
visible (VIS) and far lrltlaviolct  (1(1 IV) sl)cctmmctcrs,  a
llJV plmtoractcl  and it] flalcd (11{)  ladiornctcrs to
cllamctcr  i~c spacccr aft plow undc] a v,,idc. variety of
conditions. 111 additior),  a US. Ail ]Jorc.c ]myload was uscd

lo au~,mcrlt  tl]c cxpcr’irncnt and plovidc sirnullfincous
ohscl valiol]s  of ~,lov.’  pl]cnomcna  in tllc infrared rc~, irnc.
‘1’IIc Spaccc[af[ Kinetic lnf[ard  ‘J’cst (SK II<”I’) arliclc
consisted of a c1 yop,cnically coolc(i  infl arc>d  spcctrornctcl
(ic(iicatc.(i  to ?,low cll:trtictcr  i7ati[)r] irl (I)c 1 .() - 5.() ]nicron
spcctlal wavclcn~,tl) ]c~, ion. “1’i]c cxpclir]lcnt  set oal to
stu(iy surf arc an(i gas cloud  Slows o\~cr a M’i(ic.  r:in~e of
v.’avclcnf,lils;  to identify an(i  character-iyc tllc aloms and
molccuics  ]csponsiblc  for ti]csc crnissions;  and to
dctcminc ]Mmr plow intensities vary as functions of
lnatc!iai  coatinf,st  sulfacc tcnll)cr:ilurcs,  orbital aitiludcs,
aa(i  ram atlitmic anp,lcs. ‘1’tlc 1~1 S(i also cont:iirlcd a
nitro:,crl  (N?)  p,as rclcasc systcrn to study basic clmnistry

with tile ram allmsldlcrc  \vilicil was cxpcclc(l to produce
glow producirls  compounds. Studies also a(idr csscd
tl]rustcr  Corltarnination  an(i  ~,lows awociatcd  witi] ti]r ustc]-
cfflacn-ciqmi  w faces.

l)ata f[orn ti]c cxJJcrinlcnt is no\v Jwovidinf,  ncw insights
inlo tlm fomiarncrltal  physics of spaccx-rafl  ~low  anti tltc
atmos])l]eric  chcrnist[y  w]licl]  causes it. l]lcornl)lctc
prclirainaly  asscssrncnt of Ihc (iala vcr-ifre(i  that tlrc glow
pllcrmmcrmrl  is prilnariiy a surface effect and is tllclcforc
iikcly to bc affcclcd by lnatcr  ial/coatinS,  selection fo] tl]c
optical instrurncnts. It also vali(iatcd  tilat the b]ack baff]c
i)aillt  is an cffcclivc  lnatcr ial  for l~UV  ilnagin~,  dcviccs and
tl]al tllc nilro~,cn  rclcasc did not affect ~low emissions in
tilis rcg,ion,  rncanins  tlla[  nitlop,cn can bc usc(i as an
cffcctivc CI yop,cD  ill tllcsc irlstl umcnts  w,itl]out fear of
contamination dac to nitro~,cn vcntir]p,.  (ilows in II)c
visible wavclcngllls  were obscwc(i  to chang,c  (itaslicaily
witl)  aititudc, as cxpcctcd,  but \vcrc sip,niflcarlt]y  -- arid
onc.xpcctcd]y  -- wdaccd darin~  nitl  o~cn w]cascs.

As cxpcctcci  \vitll tilis  and other ‘1’}/1. 1 cxpcrimc.nts, tile
results bolstered out Kno\vlcdgc  of the physics involved
an(i providc(i  sorllc  irlsight  irllo  tllc nature of cflcctivc
coantcrlllcasures, bat di(i not sI]ccifrcally  valiciate  a
tccllno]ogy  fo] llsc  iri futulc  optical systems. l:ollo\\r-on
cxpcrinlcnts mc bcins, considclccl  t}lat  \vould  fu[tllcr tllc
research by a(i(iing  a mass spcctrmnctcr  to Cllrrrirctcti?,c
i)arlicalar  cllcl]tical spccics  an(i,  in a(i(iition, wouid vali(ialc
tllc glow-~ cdacin:,  pmpcrlics  of sclcctcd rllatcrials  an(i
coating,s.

CI’hc ‘lank ]’rcssurc  (;ontrol  I{xpcrin]crt(  (’I’I’C:1[)3

1 )cvclopc(i  by the IIocin:  Chrnpany,  tlic “1’ank  l]rcssurc
(’onhol  lixl)crinlcnl  (’1’l’(’li)  (I;ig,utc 1 O) is a ‘1’1<1. 5 space
expcrirncnt  dcvclopcd  to rncct t}]c need fol a clilical asl~ct
of cryos,criic  fluid mal)a~,cnlcnt  tccllnolosy  -- that is,
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I;IF,UIC 1 0 :  ‘1’l’Cli lklml  ilnclll

coIIIIol of s(waf,c tarlk  pressures in tttc absence of gyavity
I)y fcJlcccl-coil\’cc[i\’c mixin?,. “J”hc cxlm ilmvll, fllst

launched almd SIWIC S’1’S-43 in AuF,ust,  1991 as a
(i AS pnylotid  (I;if,rlic 11), USC(I l:rcom  113 at ncar-
saturation conditions, at a cons(allt 84% fill Icvcl, to
silnula(c IIIC fluid dyl)alnics ald tllc.~ll)[}(iyliarllics of

ctyo~,cnic  fluids it) space applicali(ms. ‘1’tm objcctiws o f
‘1’1’(:11 wclc 10 clmlwtctim the. fluid  dytml]ics  of axial-jct-
induccd mixir)~, ia low g,ravity, to  evaluate the validity of
cmpil icxil Iuixinp,  mdcls, and to pmvidc dala  fot use in
dcvclopillr,  and validating compalational  fluid  dynalllic
]nodc]s of ]llixin~  Jmccsscs.

l;ip,arc  11: ‘J’l’CIt l)ar(lwarc mounted ia C;AS  can

A rcfli~l]t of tllc ‘1’lTIL cxpcrilnent  was succcxsfully
coln])lc(cd or~ S’1’S-52 in Oc[obcr,  199’2, to c.xamitlc a
l){Jlc]]li:tlly-scl-iolls  prcssuw  spike  phcmmcnon  that \\ws
observed on the flrsl fligl]l. ‘1’hc observed prcssutc  spikes,
\vllicll  arc [he )csult  of sudden ouclcation  and flash boilirl~,
wttclt a fluid is lwttcd  owl a long pcrid of ti]ne, Could

co]lccivably rcsull  ia loss of mission if it were to occu I it]
ar] o[)c]a(ional  orbiting  c]yogcnic  p]opcllant  tank.

l)ncxpcclc(] p im 10 tl]c ir]itial ‘1’l’(:li fli~l]t, lIIC
plIcIIolImmn is now uadcrstod  ao(l pr-c.vclllive n~casw cs
II:ivc been (lcvclopc(l  as H lcsult of tlIc  SCCWI(I fli?,l)t.

Kcpmcr)lativc  lcsul[s fron) (IIC ori~,iaal  flif,llt arc slIowfI
ii] liip,urcs 1 ? and 13 and dcmonsl]atc  llIc cfflcacy of jcl

mixinf, fot contlol o f  prcssarc  and tcmpcratuic. l)ata
dcII)oIIslI Wxl tilal tl)c flow’  pat tcm obscrvc(l  F, CIIC.I ally
afycccl with a pl ior cof I clat iml dcr ivcd f[om drop to\vcr
lcsls,  and several cxistinp, Iaixinp, cmclalioos  were found
to ]wvidc I c.asol)ablc  Pcrfomancc pdict ions. 1 .o\v-
CIMSY  n~ixins jets, dissipatirls  or) tile  m(lcl of OIIC pcrccrll
of tllc kinetic cacI~,y of j]tcvious ]nixe[ dcsip,as,  wclc

foan(l to be Cffcctivc  and rclial)lc  at Icduciof, tl)cl-ll)al  mt)-
unifmllitic.s, l)[mnotin~. }Ic.al  and Il)ass Iiansfcl bclw’ccn
(IIC IIhascs,  and lcducirl~ tarik  prcwm 1( was  f(mrd that
aclivc. Inixinr,, whctllel-  cotltinuous  01 pcl io(lic, of fcl  h

incmsc(l reliability and prc(lictabili(y in slncc c]yo~,cnic
s y s t e m s ,  and  can  bc accolllp]isllc(l with no s ign i f icant

lmiloff pcmalty caused  by kioc(ic  cncrf,y dissipation.
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l:if,ulc 13: “J’1’~l;  typical Icmpcratmc  mcasurcmcnts

‘I”l)is  Cxlmilnc.nt dcmoashatcd  tlIc validity of ar) imlm tar)t
COrlCC])t  fol }) ICSSII!C.  CO1ltl  Ol Of StOICd CIYOF,CIIS  ill
]nicro~,  (avity. It was  typicfil  of ‘1’1<1. 5 Cx]mimcnts in
Il]at Cmnplctior]  of tlm  Cxpc.rilllcnt  did not  pwvidc
suff icient (iata for infusion of tllc  tccllrmlo~y in
operational ftig,llt  systclns, and tl]at  the CX]JCI ilncnl, as
dcsi~,nc(l,  was  fairly qaalitativc in tlIc (Icf(uitior) of its



Ily]mllmis  and,  hcncc, i[s dala w]uirclncnls  (p] imalily
video). 11 also providd  si~,r]ificatll  insif~llt  into tlm
]Jhysics of lnicloggavity fluid  Ilandliap,  and tl)c
IItcll]lt)(lyll:[]tlics  of p]cssul”c control, infolrt]ation  wltic]l
tlas bcul  of bcncfl[ in undcls[andit)f, ]MoblcIIM  cIlcounlcIcd
will] li(]lli(l-clcctl{)ly(c ballclics used in various s]h?rcc
SyS(Cl))S.  ‘1’IK  Cx])clilncnl  is plcscntly  bc.itlf,  plcp:ittcd by
slu(lcn(  invcsli~,alms  ~or a  tl)ird fli~,l]l  to invcs[if,alc  Ilm
cffcctivcacss  of jet ltlixiu~ for plcssutc  contlol  in tanks at
40-5(FiI  fill level, a INorc  rcalis[ic scenario iti opc]trliwal
s p a c e  syslclI)s lltan llIc 8d% fill lcve]  pcviously flown.

l:i~,lllc 14: 1 Ical l’ipc  l’crfml)]ancc lixpcl  illlcnl
Ckmfigura(ion

CI’hc IIcat }’ipc l’c]forlnar)cc llxpcrimct]t (}1}’I’)4,S

‘1’llc I lc:it  l’ipc  l’c]fmlnancc  lixpcI illlctlt (}1}’]’) is a ‘1’]<], 6
cxpclirncnt  dcvcl(qd  by IIuplm Aircmf(  (hnpany
(I:ip,urcs  14 and 1 5). It is a middcck  Cxpcrillw.nt  flown
alwarxl  II]C S“]’S-52 l~~issior~ in octobc] 1992.  111>1> Icstcd
flxcd Conduclal)cc  and val iablc conductance I]cat pilks  al
diffc]cnl  [Otatioaal  speeds to dclc[roinc  tllcil tlar]s]ml [
capability, Jc\vickin~  times, and Il]c influcmc  of body
folc’cs  (m lhc liquid (Iislribulion.

‘I’l Ic pI i]mry ]nission  objectives of tl)c 111’]’ u’cIc  to
obtain  quallti[ativc data on tl)c thctrnal })cl-fonlmncc  of hca[
pipes in a mic[ofyavi(y  cn\~ilomnctlt  ald to dctcrlnil~c  tllc
pclfo]rnancc  of heat Jlipcs  as a funclion  01 tllc body force
:lssociatc~i  wit]] diffc]cnl  rolaticma]  spcc[]s.  ‘J’l]c
cxpcr  ilncnt evaluated Illc  sensitivity of 14 state-of-tllc-al’t
lIcal pipes to small and Ialg,c accclcratioas  by obtailli[l~
quantitati\c  data slmwin~, spatial ad temporal plofilcs
umicI  opclationai  an(i  rccovcry cm(iitions. l;iigi)t Icsl
wsults were cmcialcd witi) 1 -g slalic  test rcsuils  and
analytical mode.ts fo] boll)  axiaiiy  F,movc(i ami fltwous
wick  dcsig,  m. Rc\vicking tests were also conciuclc.d  to
(ictc]-rninc  tl)c Iilllc it talccs fm a llcat ilipc. to lcprimc  an(i
oi~cratc  isolllc~maliy  after it ilas bcc]l  (lcpim’(i  (iuc to
cxccssivc  s])in fmccs.

As a Icsuit of tile fiip,ilt,  a lal-f,c (iatabasc ot~ IIIC
pc.r  foI II)aIICC and  Ijcluiviol  of IIcat  l)ipc ol)cldtiotl in
]llicm~,ravily  v.fas obtaillcd. A]q>iicatio]l  of 111’1’ daIa  \\’iii
]ca(i to i]njuovc]ncnts  in curlc]ll  heat pipe com}w[cl
nlo(iciir]~  ar](i imxiictivc  cai)al)ilitics.  Results of tile.
Cx]w.r  iltlctlt  allca(iy  Confi[[n  timt heat pipe (icsir,a Cnp, inccrs

imvc been too c(mscl vativc in c.xtlapolatin:,  gloua(i
i)cj forlnancc  (iala  to 7,cIo-p,.  la s(m)c cases, liIc  olbilal
i)crfolillancc  was 35% to 40% bcttcl tllari  ~, IouIKl

i)ct fo]mallcc. ‘J IIcsc Icst]lts,  whicl]  sl]bstantiatc(i  al]alytical
l)rcdicliotls,  \viil ailmv ]no]c crmfi(icncc  in ti~c analytical
lncxicls,  lca(iin~ to icss  conscl  vativc ilcal pipe (icsifyl  and
uitimatciy  to liglltcl  and ]nolc cfficicllt slxiccclafl.  ‘1’lm
(iata  aiso enables less cxtcmivc  fyoumi  tcstins  of
J)loduction  axiai Stoovc ilcal pil)cs,  con[l ibutillg  to
(iilcctly iowc]irl~,  tllc cost of tilcsc ac[ivitics.

l:iRUIC  15: }11’1’ ilardwatc

1 Ii’]’ was dcsi~,tlcd  to acccpl  ]nultiplc  “corn ])cling” llc:il
i]ipc components o] subsystems to Iladc off i~crfonnal]cc
:igait]st Otllcr Jmralnclcls  (c. p,. cosl,  lllatll]factllra[~ili(y,
flcxibiiity)  in an opctational  sccrlario. lnasmucll  as heal
pii)c tl]c][nal  contlol  syslc]lls ha\c  [,CCII qllaliflcd  and in
fact alc o~)cla[ional,  tllc vali(iaticm  of ncw IIcal pipe
Cctriflgllr:{lic)rts, ]natclials,  01 workir]~  fiuicls  al tlris
Ct)rrli)orlc[ll/sllt)sy  stcrrl icvci Icquilcs  r]o systcm-icvc]
validatiorl ar~(l ofl’crs a cost -c ffcctivc avc Iluc to tllcr Inai
Cor]troi  Syslclrl  irniwwcmcn(  for future s])acc syslcrns.

:1’lIc CYyo  Systcm  l{X1)CI ilncr}l  (CS1;)

“1’llc CYyo  Systcnl I{xpcr-illlcr]t  (I;iflurc 1 (i) is a “1’R1, ‘/
sixlcc-fliFl~t  cx])climct~t  ccmiuctc(i  by ti]c 1 lugllcs  Aircraft
(;olni)arly  irl a coo])crativc  i>loglal]~  with NASA. ‘1’Iw
ovcr:iii ~odl  of Ilrc Cryo  Syslcm l;xpcr  irllcrlt is to vali(lalc
an(i  clmr ac(c] i7,c llIc oworbit  Pcrforrmirlcc of two lllcr  [nai
marlap,crrwmt  tcclirmio~,ics tl]at comi~l  isc a lrybr’i(i
cryoF,crlic  systc]n.  ‘ll Icsc tllcr rnal Inarlagcrrlcnt
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l)lovidc tl~c option fol subscqtlc.l]t  application ill a ma{-

futolc space syskun (Ic.vdopmn[.  A socccssful
Cx])clilllclll  mold  bc followed by tllc osc of the Iccl)rmlop,y
it] all  o})cr:itional syslcm.

{~oltcluding  l{en)arks

NASA and in fact  the co(irc  space co]nmorli(y a[c well

awatc  of (I)c cmopcllinf,  need 10 rcdocc  tlm  cml of space
sysIcII)s dcvcloplnc]lt and o]xmlion. N A S A  i s  now

a~,f,l c.ssivcly  ]novin~, towal d the dilcc[ ion of smallm, more
focoscd,  and cllcajm missions. As ao example, NASA

IMis rcccolly annooaccd the Small Space.craf[ ‘1’cchmlogy
initiative (SS”J’1), a nc\v fiigl]t  pmgtam  to dclnom[idtc
lcclllmlo~,ics  nccdcd to mccl tl)at ot~jcctivc.  ‘J’wo
“S]nallsal”  cal tll obsu  valirm satellites will dcmonstla(c
advaaccxl  ]Ilir]ialllri?:ilioll  tcclmolo$,y for  smaller, li~htcr
slmccclaft  will]  payload fractions almos[ cioublc  tlmsc of
loday’s salc]litcs.  Scmms, owt~oar(i data pmccssillg,  dala
(iisll ibution, p.uici:incc ad control, and powct  subsystems
\\’ill  :ilso bc b:iwi m a(ivmccci  tcclmolosics,  ali  dircclcd
1)1 il[lal-ily al cost  lcductiOa.

(’0s1 Ic(ioction  ]nus[ bc a ]najor objcctivc in ali fotuic ocw’
IIliiilal-y  as well as civil space systems, an(i sacccss  will
(ic]}cn(i  heavily on llm avail abiiit y of ncw  -. ~ml proven --

tccllllolop,ics.  “J’hc cxpcl”imcots  Comioc[cd  tllas far l]avc
been vc.ly cffcctivc in proving mm’  tcchnolosics  wlIco in-
sp;icc valiciation  is lcqoire(i. }Iowcvcr,  ti]c cxpcrimcnls
tlwmsclvcs  arc also cxpcnsiw,  al](i  cosl ]c(iuctioo is as
illllm]  laIIl ill tile Cx])criloc.nt  p]o~rarns as it is in the actual
(icvc JolMt)cn( pro~,lwns. Altl)oLI~l) wc arc pmu(i of the
cosl  colltro]  wc lIfivc maiolaiac(i  in the c.xl]clirocrl(s 10
date, wc know’  wc ]nost find ways to I-cdocc cost  even
rot IIlcl  .

Wc alc Icvicv,’ii)?, a variety of cost-cLlttil]~,  imssibili(ics
sac]) as itlc]c:isc(i osc of cmnlaoa  Car] icrs, a(iap[els,  tcsl
fixtarcs anti illsllll]l)cf)tatiorl, anti siml)lif]cation  of
cxpct ilncn[ cqoip]nc])t  to cnsorc  that ot]ly Ihosc  fc:ito]cs
llcccss:il  y to aci]icvclncnt  of II]c ptilnaly cxJ3crimcnt
objcclivcs a]c iacludc(i.  l;oltltctmo]c. in fi(iciitioa  to tl]c
ligo]oL]s ploccss of pllasc(i  progra]o  J)lanninr,, wc ale’
collsidcl ing  a Icquilclocl)( fol a cl-it ical ]mgtiirt) lcvicw
wl}icl) woul(i automatically bc tl-ig~,crc(i if prop,i am cost
])]ojcctiol]s il)(iicalc  a tcn 0] flftcco pCIL’Ctlt  g,t O\\’lh ovcl

IIIC agvce&oIm) cost  cstimtcs. lln]css lIIC lcvicw
(ictct  Il)ilms  tl)a[  a si~t]iflcant  c o s t  o v e r - w a  can  bc avctte(l,

tllc  CXJ)CI  i]ocnt  COO1(l  bc sobjcct  t o  ICI  Inirmtion.

OJI tl]c basis of 001 expel  icncc to d:ilc, tllc  cm)t irluin~,
cffol IS al fol IIlcr cost rcciuction  may rcsLll[ i]) some
valoal)]c  a(i(ii(iona]  falloot. Wc have had scvclal
contlactols  tcli us tl)at  oor a~!,rcssivc cos[ contloi
mcasorcs  cm (I)C flish[ cxpcr-immls i)as fot L’cd tlm]tl [0
a(ioJM ciiffm CII(  appt oachcs in the (icsifw ami con(iuct  of tlw
cxpclimcnls  -- whic]l io [ml Ilavc  been foun(i applicab]c
10 ncw ]nainstlcam dcvc]opmcnl  INop,IaIns  as  wcli. If Illis

is Ii uc, our tccllnolo~,y  fii?ht Cxi}crilncnts Inay also bc

scrvinr, a s  ar) c.x])crilocr)t  o r )  tcclll)i(]ocs  for c o s t  rcductiol)

ill (Icsif, t) aII(l  (Icvclq)mci]t  of majo]  space systclns.

IIot a])ar[ floln our cost corrclIls ar)(i oot cost-rcdactiml
focus,  wc al c salisf]c(i tlmt  imspacc  tccllnolop,y
expel  itllcntation has provcl) itself as a valoablc  loo] in

im:l):iritlg,,  validating,,  ami rcdocin~,  tllc Iisk o f
incorlwatinp,  tlm  lccllnologics  csscl)li:il  to dcsi~,n  an(i

(iCVC]OJ)Il)Cl)t  of 0111  flltlllc Sj)acc Sys[cll)s. ‘1’tlc first round
of lN-S’l’Jti’ cxpcri]ocnts pmvidc(i (iata nccdui fo]

cicvctopmc.nl  atd I cfmc.mcn(  of a wi(ic raur,c  of ccqm(cs
m(xic]s ard co(ics.  ‘1’llc valiciatcd  co]nlmtationa]

apI)] oacl)cs,  now l)cia~  osc(i  in space hardware
(icvclo}]lncl)t, rc(iucc  OI cliloinatc costly glool]ci  tcslior, 0]
ovc]ly l]i~jl (icsi~,rl  ]nal~ins iwcvioosly lcq[lirc(i  fot
]c(iocinr, technical risk. “1’hc cullcnt ~,cncf:i(ion  of lN-
S’1’lii’ fligilt cxpc]ilmnls is (iilcctc(i at lc(iocinp,  tile risk io
spcciflc  tccllt)olosy  areas ilnpm (ant to cicvciopmcnt  ami

ol)c]atioo  of (i)c lntcrl]alion;il Space Statio]) Aipha -- areas
such  as vibration isolation, male] ials ami  cnvitonmcr]l
Cll:ilactcliza(ic)rl,  an(i il)-sl)acc  constl uctioo  ami
I]lailllcll:incc.  And lICV.’ cxim! ilncnts  wiil SIIOI [iy bc
a(i(itc’ssitls,  in flatfiblc slructum and olim inmvativc
tcchnolosics  tilat ]nay  o f f e r  sliil g,rcatcl ccooomim in
flltOIC SJ):{CC  SyStCIl)S.

W c  lllil)k w c  IIavc  ~,owi  I-casoo  t o  t)clicvc  tilal  itl-sJ)acc

fiigi)( cxJ>crimctltatioo  has taken its place, along, with
co]l)putalioa:tl  awilysis, s imulat ion, Iatmatory alI(i bc~lcll
testinp,,  aIxi  wimi-tonncl or atmospllc[ic  flipl)t tcstinp,,  a s
anolllct weapon in tl}c. :irsco ai of tl]c space systems
(icsify)c~.

‘1’IIc aotllom wool(i like to timnk Nfl. Iv Iicllacl  llctltz of
}Iocillr,  ACI Ospacc,  I )1. [ial”y  Swcnsoll  of 1 ockhcc(i
(’ollma(iol), ami h~r.  (icorgc l~lciscllma[l  of Ilo@ics
Acrosp;icc fol’ tllci[ valoablc  inpot.

l];]s~; ]~osl.]:]i~,llt  hfissio]l  Oi)c]  atio]is  ]<c1)oI  1, (JfflCC of

A(ivancc(i  {’orlccpts aa(i “1’cclInolo~,y,  NASA 1 ]ca(iquat  ICJS,
h4ay,  1994.

~M,lJ.  ]]cIIt~,  C( al, “JCI h4ixii]g in 1.OW ~iravity:  }< CSO]ts

o f  ti)r ‘J’ank ]’tcssolc ~’otltrol I;xpcrimcnt”,
AI AA/SAli/ASfVIi{/ASl lil 28tl) Joint f’mpulsior)

~kmfcrcnce, Nasl)vil]c,  “IN, Joiy, 199?.

‘l}] Cat ]Jipc  }’CIfOIIU:iIICC  ]ki)cliroc])t ];irlal ]< CpO1l, }IoF,hCs

Ail~laf[ (’oll)lm]ly, ‘1’or[ancc,  CA, A])!ii 199d.



‘(i. ].. ldciscl][nan,  ct al, “Jlc.:\t  l]ipc l’clfo IJna Im lrI-Space
‘J’cclii)olor,y  llx]wilncnt  (}1}’1’)”, 6t11 AI AA/ASh41i  Joint
‘1’l]cllll(~}lllysics  ard IIcat  ‘1’lansfcl” Gnfcrctlcc,  O)lolado
Splill~s,  (’(), JUIIC 1994.
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